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ORIGINAL ARTICLE
Frontalis suspension is the treatment of choice
for patients with poor levator muscle function 
or severe congenital ptosis. Several surgical de-
signs and different sling materials are available
for frontalis suspension.1–6 Some studies have
compared the cosmetic and functional results 
of different surgical methods.1,7,8 Many studies
have recognized expanded polytetrafluoroethylene
(ePTFE) as an ideal material in frontalis suspen-
sion surgery, for congenital and acquired pto-
sis.9–13 The purpose of this study was to evaluate
the surgical results of frontalis suspension with
ePTFE using two different surgical designs (open-
type and closed-type).
Patients and Methods
Patients
A retrospective review of medical records was per-
formed for all patients who underwent frontalis
suspension using ePTFE for upper eyelid ptosis
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Background/Purpose: Several surgical designs and materials have been proposed for frontalis suspension
for treating congenital ptosis and ptosis with poor levator muscle function. This study evaluated the surgical
results of frontalis suspension using expanded polytetrafluoroethylene (ePTFE) with two different surgical
designs (open-type and closed-type).
Methods: We reviewed the medical records of 96 patients (68 children and 28 adults) who underwent
frontalis suspension surgery using ePTFE. Postoperative eyelid position, ptosis recurrence, and complica-
tions were recorded.
Results: Twenty-eight out of 68 children and all 28 adults underwent closed-type frontalis suspension sur-
gery, and 40 children underwent open-type surgery. The recurrence rate was 20% (8 of 40 eyelids) for chil-
dren with closed-type surgery, and 2% (1 of 50 eyelids) for those with open-type surgery. There was a
statistically significant difference in the recurrence rate between the two surgical methods in children
(p = 0.011). The recurrence rate was 5% (2 of 40 eyelids) in adults who underwent the closed-type method.
The recurrence rate after closed-type surgery was significantly different between the child and adult groups
(p = 0.04).
Conclusion: Open-type frontalis suspension surgery using ePTFE is preferable to closed-type surgery for
children with upper eyelid ptosis. Closed-type surgery provides more favorable results in adults than in
children. [J Formos Med Assoc 2009;108(12):943–949]
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between June 2000 and October 2007. The data
retrieved included age, sex, diagnosis, type of sur-
gery, follow-up time, postoperative eyelid posi-
tion, recurrence time, and related complications.
All operations were performed by a single oculo-
plastic surgeon (Dr S.L. Liao). The study complied
with the policies of the local Institutional Review
Board.
We divided the patients into two groups, ac-
cording to age. Patients in the child group had
different degrees of ptosis, with blockage of the
visual axis. In these patients, we performed closed-
type surgery from 2000 to 2003 and open-type
surgery from 2003 to 2007. For the adult group,
only those patients with levator muscle function
of <5 mm were included. All patients in this group
received closed-type surgery.
Preoperative and postoperative evaluation
Before surgery, all adult patients were examined
for margin reflex distance and levator muscle func-
tion. Patients in the child group were evaluated
based on whether there was asymmetry of the
upper eyelid margin between the two eyes, or
whether the upper eyelid margin drooped more
than 2 mm below the superior limbal margin.
Follow-up examinations were performed in all
patients to assess eyelid position and symmetry
and any postoperative complications. Recurrence
of ptosis was defined by asymmetry between the
upper eyelids, or by the upper eyelid margin
drooping more than 2 mm below the superior
limbal margin.
Surgical designs
Surgery was performed under general anesthesia
in all children and under local anesthesia in all
adults. The upper eyelid was infiltrated with 2%
lidocaine with 1:100,000 epinephrine. Marks for
the suprabrow incisions were made at the supe-
rior border of the eyebrow above the medial and
lateral canthi, and a third incision site was marked
above the eyebrow between the previous two 
incision sites.
For closed-type surgery, two tarsus stab incision
sites were marked 3–4 mm above the lash line
symmetrical with the contralateral upper eyelid.
The two incisions were approximately 10 mm
apart. The suprabrow and tarsus stab incisions
were made with a No. 15 blade. The ePTFE was
passed from one eyelid stab incision to the other
through a deep, pre-tarsal passage. Thus, the two
ends of the ePTFE penetrated the under-orbicularis
plane and exited through the lateral and medial
suprabrow incisions. The two ends of the ePTFE
were brought together in the submuscular plane
to the central brow incision, which created a pen-
tagonal sling. They were tied carefully and ad-
justed to achieve the desired eyelid elevation and
contour. The skin incision sites were closed with
6-0 Nylon.
For open-type surgery, the eyelid crease inci-
sion line was marked 3–4 mm above the lash
line. Cutaneous incisions were made with a No.
15 blade; dissection was performed through the
orbicularis muscle to expose the tarsus. The ePTFE
was anchored directly onto the tarsus with three
5-0 polyester (Dacron) sutures (Figure). The fol-
lowing procedures for creating a pentagonal sling
through the submuscular plane were the same as
for closed-type surgery.
Statistical analysis
Statistical analysis was performed with Kaplan–
Meier survival analysis to detect statistically signif-
icant differences in recurrence and complication
rates between closed- and open-type surgery in
children. Kaplan–Meier survival analysis was also
used to detect statistically significant differences in
recurrence and complication rates between chil-
dren and adults with a closed-type ePTFE sling.
Fisher’s exact test was used to detect statistically sig-
nificant differences in follow-up period and recur-
rence times. Data were analyzed using SPSS
version 16.0 (SPSS Inc., Chicago, IL, USA). A value
of p < 0.05 was considered statistically significant.
Results
Sixty-eight children and 28 adults underwent
frontalis suspension surgery using an ePTFE sling
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for upper eyelid ptosis. Twenty-two children and
12 adults underwent bilateral surgery; overall,
130 eyelids were subjected to the procedure. Demo-
graphic data for the children with an ePTFE sling
are summarized in Table 1. Closed-type surgery
was performed on 40 eyelids, and open-type sur-
gery on 50. Children in the closed-type group un-
derwent surgery at a mean age of 3.96 ± 2.62 years
(range, 2–12 years), and those in the open-type
group at a mean age of 3.75 ± 2.90 years (range,
2–15 years). The mean follow-up period was
25.25 ± 19.36 months (range, 4–66 months) in
the closed-type group, and 20.7 ± 14.18 months
(range, 4–58 months) in the open-type group.
There was no statistically significant difference 
in age and follow-up periods between the two
surgical groups.
Demographic data for the adults with an ePTFE
sling are summarized in Table 2. Closed-type
surgery was performed on all 40 of the eyelids.
The patients underwent surgery at a mean age of
55.82±21.86 years (range, 17–91 years). The mean
follow-up period was 20.63±18.72 months (range,
4–66 months).
Table 3 compares the results for closed- and
open-type surgery for children with an ePTFE sling.
The recurrence rate was 20% (8 of 40 eyelids) for
patients who underwent closed-type surgery, and
2% (1 of 50 eyelids) for those who underwent
open-type surgery. The difference in recurrence
rates was statistically significant between the two
groups (p = 0.011). The recurrence time was 8.14 ±
4.30 months (range, 3–13 months) in the closed-
type group, and 2 months in the open-type group.
A B
C D
Figure. A 3-year-old child undergoing open-type frontalis suspension with an expanded polytetrafluoroethylene (ePTFE)
sling for congenital ptosis. (A) The ePTFE sling was anchored directly onto the tarsal plate with three 5-0 polyester
(Dacron) sutures. (B) The two ends of the ePTFE sling were penetrated through the under-orbicularis plane and exited
from the lateral and medial suprabrow incisions. (C) The two ends of the ePTFE sling were brought together in the sub-
muscular plane to the central brow incision, to assess eyelid contour. (D) The knot of the ePTFE sling was buried, and the
suprabrow stab incisions were closed with 6-0 Nylon sutures.
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The reoperation rate was 12.5% (5 of 40 eyelids) in
the closed-type group, and 8% (4 of 50 eyelids)
in the open-type group. There was no significant
difference between the two groups. The complica-
tion rates were 10% in the closed- and open-type
groups. Complications included infection, granu-
loma formation, exposure keratopathy, polyester
suture exposure, and cilia touch. Reoperation was
required because of recurrent ptosis or related
complications. Recurrence in the one eyelid in the
open-type group was associated with complica-
tions of Dacron exposure, noted at 2 months
postoperatively. Subsequent revision of the Gore-
Tex® sling corrected the eyelid position, both
functionally and cosmetically.
Table 4 compares the results from children and
adults with closed-type ePTFE slings. The recur-
rence rate was 20% (8 of 40 eyelids) in children,
and 5% (2 of 40 eyelids) in adults. The difference
in recurrence rates was statistically significant 
between the two groups (p = 0.04). There was no
statistically significant difference in reoperation
and complication rates between the child and
adult groups.
Discussion
Frontalis suspension surgery can use several dif-
ferent sling materials, including autogenous or
banked fascia lata and alloplastic materials such
as chromic gut, collagen, polypropylene, silicone,
stainless steel, silk, nylon monofilament, poly-
ester, and ePTFE.1–5,12,14,15 Among these sling ma-
terials, autogenous fascia lata is considered more
effective with comparably low recurrent ptosis
and infection rates.2,4,15 However, fascia lata can
be difficult to harvest in younger children, and 
Table 1. Demographic data of children with expanded polytetrafluoroethylene sling*
Type of surgery
Closed (n = 28) Open (n = 40) p
Sex
Male 18 26
Female 10 14
Age (yr) 3.96 ± 2.62 (2–12) 3.75 ± 2.90 (2–15) 0.76
Number of eyelids 40 50
Diagnosis
Congenital ptosis 22 34
Recurrent ptosis 5 5
Blepharophimosis 0 1
Oculofibrosis 1 0
Follow-up period (mo) 25.25 ± 19.36 (4–66) 20.7 ± 14.18 (4–58) 0.16
*Data presented as n or mean ± standard deviation (range).
Table 2. Demographic data of adults with
expanded polytetrafluoroethylene sling*
Closed surgery 
(n = 28)
Sex
Male 14
Female 14
Age (yr) 55.82 ± 21.86 (17–91)
Number of eyelids 40
Diagnosis
Senile ptosis 16
Recurrent ptosis 5
Post-trauma 3
Myasthenia gravis 1
Oculofibrosis 1
Blepharospasm 1
Post-eyelid mass excision 1
Follow-up period (mo) 20.63 ± 18.72 (4–66)
*Data presented as n or mean ± standard deviation (range).
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in older patients, additional, time-consuming
general anesthesia is required for harvesting the
graft. Furthermore, the procedure is associated with
complications of the second wound, such as scar-
ring.16 Ben Simon et al reviewed 99 patients, 
including children and adults, who underwent
frontalis suspension surgery for upper eyelid 
ptosis with different suture materials, including 
autogenous fascia lata and several alloplastic 
materials, and found that ePTFE exhibited the
lowest incidence of ptosis recurrence (15%), 
although this was not statistically significant.1
Several recent studies have suggested that ePTFE
can be used safely as a substitute material for fas-
cia lata in frontalis suspension surgery, because
of its good biocompatibility and excellent han-
dling characteristics.9,11,13,17
We have used two surgical methods to treat con-
genital ptosis in children: a closed method from
2000 to 2003, and an open method since 2003.
Table 3. Comparison of results between closed- and open-type surgery for children with expanded
polytetrafluoroethylene slings*
Type of surgery
Closed Open p
Follow-up period (mo) 25.25 ± 19.36 (4–66) 20.7 ± 14.18 (4–58) 0.16
Number of eyelids 40 50
Recurrence rate 8 (20) 1 (2) 0.01
Recurrence time (mo) 8.14 ± 4.30 (3–13) 2
Re-operation rate 5 (12.5) 4 (8.0) 0.50
Complications 4 5
Infection 2 2
Granuloma 0 1
Exposure keratopathy 1 0
Polyester suture exposure 0 1
Cilia touch 1 1
Complication rate 4 (10) 5 (10) 1.0
*Data presented as mean ± standard deviation (range) or n or n (%).
Table 4. Comparison of results between children and adults with closed-type expanded
polytetrafluoroethylene slings*
Children Adults p
Follow-up period (mo) 25.25 ± 19.36 (4–66) 20.63 ± 18.72 (4–66) 0.28
Number of eyelids 40 40
Recurrence rate 8 (20.0) 2 (5.0) 0.04
Recurrence time (mo) 8.14 ± 4.30 (3–13) 29.5 ± 34.6 (5–54) 0.55
Re-operation rate 5 (12.5) 3 (7.5) 0.71
Complications 4 2
Infection 2 1
Granuloma 0 1
Exposure keratopathy 1 0
Cilia touch 1 0
Complication rate 4 (10.0) 2 (5.0) 0.68
*Data presented as mean ± standard deviation (range) or n or n (%).
The recurrence rate was 10-fold higher with the
closed method than with the open method (20%
vs. 2%, respectively). This indicates that open-type
frontalis suspension surgery with ePTFE slings is
more appropriate than the closed-type approach
in children with upper eyelid ptosis. Yagci and
Egrilmez reviewed 27 patients with congenital
ptosis and concluded that the eyelid crease ap-
proach (open method) yielded better functional
and cosmetic results than supralash stab incision
(closed-type method) in frontalis sling opera-
tions.7 They suggested that passing the sling 
material behind the orbital septum by direct vi-
sualization, in the eyelid crease approach, is one of
the main factors affecting the success of frontalis
sling procedures. We note, in addition, that peri-
tarsal tissues are relatively fragile in children;
therefore, ePTFE can easily cut through these tis-
sues in the closed method, thus resulting in re-
currence. In contrast, in the open method, fixing
the ePTFE on the tarsus can prevent it from cut-
ting through peri-tarsal tissues, and prevent recur-
rence. Therefore, in children, we prefer the open
method of securing the sling directly to the tar-
sus to stabilize the ePTFE position and thus re-
duce the recurrence rate.
In the present study, we performed closed-
type frontalis suspension surgery with an ePTFE
sling in 28 adults and 28 children, and the recur-
rence rate was 5% and 20%, respectively, com-
pared with the 15% in Ben Simon et al’s study. In
children and adults combined, the overall recur-
rence rate with closed-type surgery was 12.5%,
which was similar to that in a previous study.1
The closed-type method offers additional advan-
tages, including short operation time, simple pro-
cedure, and less skin incision. However, we
found that the recurrence rate with the closed-type
method was significantly higher in children than
in adults. This may be because of the differences
between children and adults in tissue content of
the upper eyelid. Adults have a thicker tarsus and
firmer peri-tarsal soft tissue, whereas children have
a thinner tarsus and more fragile peri-tarsal soft
tissue. Therefore, in adult patients, ePTFE could
remain in a more secure position on the tarsus.
In our study, with frontalis suspension with
ePTFE, the complication rate was 10% in children
using either closed- or open-type surgery. Complica-
tions in children included infection, granuloma
formation, exposure keratopathy, polyester su-
ture exposure, and cilia touch. The complication
rate was 5% in adults, which was lower than that
in children, although the difference was not sta-
tistically significant. Complications in adults 
included infection and granuloma formation.
Complications of frontalis suspension using ePTFE
have been reported infrequently in the literature;
they include extrusion, granuloma, and infec-
tion.4,5,11,15,17 Here, the complication rate ranged
from 2.7% to 5.0%.11 The overall complication rate
in our study was 8.4%, which was slightly higher
than those reported in previous studies.11 This could
have been because of the relatively large number of
younger children in our study, which could have
carried a higher complication rate.
According to the present study, the recurrence
rate with closed-type method in children was sig-
nificantly higher than that with open-type method
(20% vs. 2%). However, the recurrence time with
the closed-type method was longer than that with
the open-type method (8.14 ± 4.30 vs. 2 months).
This was because there was only one eyelid with
recurrent ptosis noted at 2 months postoperatively
in the open-type group, whereas the eight eyelids
in the closed-type group had a recurrence time
ranging from 3 to 13 months. Among the eight
eyelids with recurrent ptosis in the children’s
closed-type group, five were subjected to reoper-
ation. The other three patients did not undergo
further operation because of their older age (> 6
years), without impairment of visual acuity. Within
the children’s open-type group, on the other hand,
four eyelids needed reoperation, including one
with recurrence and three with other complica-
tions of hordeolum in two eyelids and cilia touch
caused by lash inversion in the other. Further
study is required to evaluate whether the open-
type method is associated with a higher risk of
hordeolum or postoperative infection than is the
closed-type method. To avoid the complication
of cilia touch caused by lash inversion related to
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the open-type method, it would be better to place
the everted sutures between the eyelid skin margin
and the tarsus.
In summary, open-type frontalis suspension
with ePTFE is more appropriate than closed-type
surgery for children with upper eyelid ptosis. At
the same time, closed-type frontalis suspension
with ePTFE could provide favorable results for
adults with ptosis and poor levator function.
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